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Specification 

1 . Title of the Invention 

A High-Strength Copper Alloy with High Electrical Conductivity and 
Superior Oxide Film Adhesiveness 

2. Claims 

(1 ) A high strength copper alloy with high electrical conductivity and 
superior oxide film adhesiveness characterized in that it contains from 0.1 weight 
% to 10 weight % Zn, in that it contains a total quantity of from 0.01 weight % to 
10 weight % of one or two or more elements selected from the group comprised 
of the following: B, P, Be, Al, As, Sb, Si, Ti, Cr, Mn, Mg, Fe, Co, Ni, Zr, Mo, Ag, 
Cd, Pb, In, Hf, Sn and rare-earth elements and in that it is comprised of a 
balance of Cu and unavoidable impurities. 

(2) A high-strength copper alloy with high electrical conductivity and 
superior oxide film adhesiveness characterized in that it contains from 0.1 weight 
% to 10 weight % of Zn, in that it contains a total quantity of from 0.01 weight % 
to 10 weight % of one or two or more elements selected from the group 
comprised of the following: B, P, Be, Al, As, Sb, Si, Ti, Cr, Mn, Mg, Fe, Co, Ni, Zr, 
Mo, Ag, Cd, Pb, In, Hf, Sn and rare-earth elements, in that it is comprised of a 
balance of Cu and unavoidable impurities, in that its surface roughness i.e., its 
center-line average roughness (Ra), is less than 0.20 jam and in that its 
maximum height (Rmax) is less than 1.5 ^im. 
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3. Detailed Description of the Invention 
[Field of Industrial Use] 

This invention relates to a high-strength copper alloy with high electrical 
conductivity and of superior oxide film adhesiveness that can be used for lead 
materials of semiconductor devices such as transistors and integrated circuits 
(IC), connectors, terminals, relays and switches. 

[Prior Art] 

Conventionally, high-nickel alloys such as Kovar (Fe-29Ni-16Co) and 42 
alloy (Fe-42Ni), which have low thermal expansion coefficients and good element 
and ceramic bonding and sealing capacity, have been used preferentially as lead 
materials for semiconductor devices. However, in recent years, ICs with high 
electrical power consumption have been frequently produced and accompanying 
them there has been an increase in the degree of integration of semiconductor 
circuits. Resins are frequently used as sealing materials and improvements have 
been made in the bonding of elements and lead frames, with the result that 
copper base alloys of good heat radiation properties have also come into use for 
the lead frames that are used. 

Further, conventionally, inexpensive brass, nickel, which has superior 
spring properties and corrosion resistance, or phosphor bronze, which has 
superior spring characteristics, have been used as materials of springs for 
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electrical devices, springs for measuring instruments and for springs that are 
used in switches and connectors. 

[Problems the Invention Is Intended to Solve] 

Oxygen-free copper, copper containing tin, phosphor bronze, Kovar and 
42 alloy which have been used have both advantages and drawbacks with 
respect to the various properties required of semiconductor devices, and, in 
particular, lead frames, as described above and do not completely satisfy the 
requirements for these properties. 

However, in recent years, the requirements for reliability of 
semiconductors have become more rigorous and many surface-mounting types 
have been developed in response to miniaturization. For this reason, oxide film 
adhesiveness that does not involve conventional problems has become an 
extremely important property. 

Specifically, because heat is applied in the process of packaging of lead 
frames, an oxide film is inevitably produced. When sealing is effected with a 
resin and when the adhesiveness of the resin with the oxide film and of the oxide 
film with the parent material are compared, the adhesive strength of the oxide 
film with the parent material is generally lower. In this case, peeling occurs 
between the oxide film and the parent material with the result that water enters 
and the reliability of the IC is markedly decreased. Consequently, oxide film 
adhesiveness is one of the most important properties for high-strength copper 
alloys with high electrical conductivity that are used for lead frame materials. 
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Existing copper alloys cannot satisfy such rigorous requirements for oxide 
film adhesiveness and the appearance of high-strength copper alloys with high 
electrical conductivity and improved oxide film adhesiveness is awaited. 

[Means for Solving the Problems] 

This invention was developed in the light of these points and is intended to 
provide copper alloys having desirable properties as lead frames for 
semiconductor devices. 

Specifically, this invention provides a high-strength copper alloy with high 
electrical conductivity and superior oxide film adhesiveness characterized in that 
it contains from 0.1 weight % to 10 weight % Zn, in that it contains a total quantity 
of from 0.01 weight % to 10 weight % of one or two or more elements selected 
from the group comprised of the following: B, P, Be, Al, As, Sb, Si, Ti, Cr, Mn, 
Mg, Fe, Co, Ni, Zr, Mo, Ag, Cd, Pb, In, Hf, Sn and rare-earth elements and in that 
the balance is comprised of Cu and unavoidable impurities and [this invention 
also provides] a high-strength copper alloy with high electrical conductivity and 
superior oxide film adhesiveness characterized in that it contains from 0.1 weight 
% to 10 weight % Zn, in that it contains a total quantity of from 0.01 weight % to 
10 weight % of one or two or more elements selected from the group comprised 
of the following: B, P, Be, Al, As, Sb, Si, Ti, Cr, Mn, Mg, Fe, Co, Ni, Zr, Mo, Ag, 
Cd, Pb, In, Hf, Sn and rare-earth elements, in that the balance is comprised of 
Cu and unavoidable impurities, in that its surface roughness, that is its center-line 
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average roughness (Ra), is less than 0.20 jim and in that its maximum height 
(Rmax) is less than 1 .5 jam. 

[Specific Description of the Invention] 

We shall now explain the reasons for the limitations on the alloy 
components that constitute the alloy of this invention. 

As a result of the fact that Zn is contained in the copper and copper alloy, 
there is an effect of improving the oxide film adhesiveness of the copper and 
copper alloy. The reason why the Zn content is limited to greater than 0.1 weight 
% and less than 10 weight % is that oxide film adhesiveness is not improved 
when the content is less than 0.1 weight % and that resistance to stress 
corrosion cracking characteristics are poor when it exceeds 10 weight %. 

The reason why it contains, in addition to Zn, one or two or more elements 
selected from the group comprised of the following: B, P, Be, Al, As, Sb, Si, Ti, 
Cr, Mn, Mg, Fe, Co, Ni, Zr, Mo, Ag, Cd, Pb, In, Hf, Sn and rare-earth elements is 
to increase its strength because its strength is not sufficient when it contains only 
Zn. The reason why the content is limited to greater than 0.01 weight % to less 
than 10 weight % is that there is no effect in increasing the strength when the 
content is less than 0.01 weight % and that there is a marked decrease in 
conductance when the content exceeds 10 weight %. 

The reason why the surface roughness is set to less than 0.20 urn for the 
center-line average roughness (Ra) and that maximum roughness (Rmax) is set 



to less than 1 .5 is that oxide film adhesiveness is improved by making the 
surface smooth. 

We shall now describe this invention in more specific terms by presenting 
examples. 



[Examples] 

Ingots of alloys of this invention of various component compositions as 
shown in Table 1 were melted and cast in air, or an inert atmosphere of a 
reducing atmosphere in a high-frequency melting furnace using electrolytic 
copper or hydrogen-free copper as the raw material. Next, the surface of the 
ingot was planed, after which it was heated for 1 hour at 850°C and was made 
into a 5-mm plate by hot rolling. Following that, cold rolling and intermediate 
annealing were repeated appropriately, and finally, it was made into a 0.25-mm 
plate to serve as the test material. 

Strength, tensile strength, elongation and spring threshold value were 
evaluated as items of evaluation for lead frames and springs. Electrical 
conductivity (heat radiation) was shown by conductance (% IACS). Repeated 
bendability was determined as the frequency of back-and-forth bending at 90° up 
to breaking using an instrument with a bending R of 0.25 mm. 

Soldarability was evaluated by the perpendicular immersion method in 
which the sample was immersed for 5 seconds in a solder bath (Sn 60%, Pb 
40%) at 230 ± 5°, with the state of moisture of the solder being observed 
macroscopically. Resistance to hot peeling of the solder was evaluated by 
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heating the soldered test material in air at 150°C for 500 hours, after which 90° 
bending of 0.25 mm R was performed and it was determined whether or not 
there was peeling. 

Plating adhesiveness was evaluated by plating with Ag to a thickness of 3 
ja, the test material was heated for 5 minutes at 450°C and it was determined by 
macroscopic visual observation whether or not there was any blistering on the 
surface. Press moldability was evaluated by observing the pressed fractured 
surface after punching. 

Heat resistance was evaluated on the basis of the softening temperature 
on heating for 5 minutes. 

Oxide film adhesiveness was evaluated by heating the test material in the 
atmosphere for 3 minutes at a temperature of 200 to 500°C to produce an oxide 
film on the surface, adhesive tape then being affixed to the surface of the test 
material and it being determined whether or not there was peeling of the oxide 
film when the tape was stripped off rapidly. Table 1 shows the temperatures at 
which the oxide films began to peel. 
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[Effect of the Invention] 

Alloys of this invention (Nos. 4, 7, 8, 9, 10 and 1 1) in Table 1 are alloys in 
which Zn and other elements were added to Comparison alloys No. 14, No. 15 or 
No. 17. It is evident that oxide film adhesiveness was markedly improved by the 
addition of Zn. Alloy No. 3 of this invention is an alloy in which the Zn 
concentration was made higher than that of comparison alloy No. 1 8, with oxide 
film adhesiveness being improved. 

Alloy No. 12 of this invention is a material in which surface roughness was 
less than that of Comparison Alloy No. 18, by which means oxide adhesiveness 
is improved, with other properties being maintained unchanged. As a result, the 
alloys of this invention have markedly improved oxide film adhesiveness and are 
suitable as high-strength copper alloys with high electrical conductivity for use as 
lead frames. 

Applicant: Nippon Mining Company, Ltd. 

Agent: Shugaku Komatsu, Patent Attorney 

Agent: Hiroshi Asahi, Patent Attorney 

Agent: Norio Kagami, Patent Attorney 
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